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+LJK 6SHHG 5DLO 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 LV JURZLQJ DQG PXVW LQQRYDWH ERWK LQ WKH GLUHFWLRQ RI VXVWDLQDEOH GHYHORSPHQW DQG
HFRQRPLFDOO\ YLDEOH VROXWLRQV 7KLV DUWLFOH IRFXVHV RQ WKH UHXVH RI PDWHULDOV LQ SODFH XVLQJ VRLO WUHDWPHQW 7KLV
WHFKQLTXHLVZLGHO\XVHGLQWKHURDGEXWLVQRWZHOONQRZQLQWKHUDLOZD\1XPHULFDOPRGHOLQJRIWKHLQIUDVWUXFWXUHRI









5DLO LQIUDVWUXFWXUHV DUH DW WKH KHDUW RI VXVWDLQDEOH GHYHORSPHQW SROLFLHV $V VXFK WKH QHZ UDLOZD\
SURMHFWVQHHG WREHH[HPSODU\ LQHQYLURQPHQWDO LVVXH7KHUHIRUH5pVHDX)HUUpGH)UDQFH5))RZQHU
DQGPDQDJHURIWKH)UHQFKUDLOQHWZRUNZDQWVWRVWUHQJWKHQLWVSROLF\LQWKHVHQVHRILQQRYDWLRQWRGHVLJQ
WKH QHZ +65 ,Q WHUPV RI HDUWKZRUNV WKLV UHVROXWLRQ LV UHIOHFWHG LQ WKH ZLOOLQJQHVV WR XVH SULPDULO\
QDWXUDOPDWHULDOVHQFRXQWHUHGRQVLWHGXULQJZRUN7KLVPLQLPL]HVHQYLURQPHQWDOLPSDFWDQGUHGXFHVWKH
HFRQRPLFFRVWRI WKH LQIUDVWUXFWXUHV)LUVW LW DOORZV WKHSUHVHUYDWLRQRIPDWHULDOV IURPTXDUULHVDQG WKH





Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
277 Preteseille Mathieu et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  276 – 286 









RI +HDY\*RRGV9HKLFOHV +*9 DQGPRUH WKDQ PLOOLRQ IRU WKH VWUXFWXUH FDOOHG*%*% 7KHVH
VWUXFWXUHV DUH VXEMHFWHG WR WKH)UHQFK VWDQGDUG D[OH ORDG LH N1GXDOZKHHO ORDG 6(75$/&3&
WKHVWUHVVHVLQWKHFDSSLQJOD\HUDUHJLYHQLQ)LJ,QWKHILUVWSDYHPHQWWKHWRSRIWKHFDSSLQJ
OD\HU LV VXEMHFWHG WR FRPSUHVVLYH VWUHVVHV DQG WKH ERWWRP WR WHQVLOH VWUHVVHV ,Q WKH VHFRQG SDYHPHQW








,Q WKH UDLOZD\ GRPDLQ VRLO WUHDWPHQW WKRXJK PHQWLRQHG LQ WKH 5))¶V VWDQGDUG WR GHVLJQ FDSSLQJ
OD\HUVRI+655))	61&)FRQWLQXHVWREHH[FHSWLRQDOO\DSSOLHG7RGDWHLWKDVEHHQXVHGRQO\
RQVRPHNLORPHWHUV LQ)UDQFH'HOKRPHO	5RELQHW+HUYp)UDTXHW	$XULRO%XW LI WKH
EHKDYLRU RI WUHDWHG OD\HUV LVZHOO NQRZQ DQG WDNHQ LQWR DFFRXQW IRU WKH GHVLJQ RI URDG LQIUDVWUXFWXUHV








0HFKDQLFDO IDWLJXH RI VWDELOL]HG VRLOV XQOLNH RWKHUPDWHULDOV VXFK DV SDYHPHQWPDWHULDOV +RUQ\FK
+ -/HH	.LP DQG FRQFUHWH -+/HH	)HQYHV 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 KDV EHHQ OLWWOH VWXGLHG $KQEHUJ 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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 *QDQHQGUDQ 	
3LUDWKHHSDQ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,QDGGLWLRQWKHVWUHVVOHYHOVXVHGLQWKHVHUDUHVWXGLHVDUHQRWVSHFLILFRI
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UDLOZD\V0RUHRYHUWKHUHVXOWVREWDLQHGRQQDWXUDOVRLOVGHSHQGKHDYLO\RQWKHPLQHUDOPDWULFHVVWXGLHG
DQG FDQQRW EH JHQHUDOL]HG WR HYHU\ W\SH RI VRLO 1RQHWKHOHVV GHVLJQ UXOHV LQ UHODWLRQ WR PHFKDQLFDO
IDWLJXHLQUDLOZD\VWUXFWXUHVQHHGWREHGHILQHG,WLVDPDMRUWHFKQLFDODQGHFRQRPLFDOFKDOOHQJH$QHZ
WRRO VKRXOGEHGHYHORSHG LQRUGHU WRSUHGLFW WKH ORQJWHUPEHKDYLRU RI WKHVH WUHDWHG OD\HUV WRRSWLPL]H
WKHPLQRUGHUWRPLQLPL]HWKHILQDQFLDODQGHQYLURQPHQWDOFRVWRIWKHLQIUDVWUXFWXUH7KHGHYHORSPHQWRI
D WHVW WR FKDUDFWHUL]H WKH IDWLJXH EHKDYLRU RI WUHDWHG PDWHULDOV QHHGV D EHWWHU XQGHUVWDQGLQJ RI WKH
PHFKDQLFDOEHKDYLRURIWKHFDSSLQJOD\HU7KHSXUSRVHRIWKHDUWLFOHLVWRGHWHUPLQHWKHVWUHVVSDWKVLQWKH
WUHDWHGFDSSLQJ OD\HUVRI VWUXFWXUHV IRXQG LQ WKH5))¶V VWDQGDUG7KHQXPHULFDODSSURDFK LQYROYHV WZR
FRPSOHPHQWDU\PRGHOV)LUVW DPRGHOLQJE\)(0RI WKH HQWLUH VWUXFWXUH LV GRQH WRGHWHUPLQH WKH ORDG
GLVWULEXWLRQXQGHUWKHWLHV7KHQWKLVORDGGLVWULEXWLRQLVXVHGDVLQSXWRIDVHPLDQDO\WLFDOPRGHOZKLFK





















WUDFN EHG7R UHSUHVHQW DZLGH UDQJH RI WUHDWHGPDWHULDOV GLIIHUHQW YDOXHV RI<RXQJ¶VPRGXOXV RI WKH








)LJD6WXGLHGVWUXFWXUH    E0RGHOHGVWUXFWXUHZLWK&(6$5/&3&
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K\GURORJ\  ,W FDQPRGHO FRPSOH[ VWUXFWXUHV DQG VROYH YDULRXV SUREOHPV PHFKDQLFDO FDOFXODWLRQ RI
VWUXFWXUHVVWUHVVHVLQFRQFUHWHDWHDUO\DJH«,QWKLVZRUNWKHFDOFXODWLRQVDUHGRQHLQOLQHDUHODVWLFLW\







7KH VRIWZDUH 9LVFR5RXWH  &KDERW &KXSLQ 'HORIIUH 	 'XKDPHO  &KDERW 7DPDJQ\
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HODVWLF RU WKHUPRYLVFRHODVWLF DFFRUGLQJ WR WKH+XHW DQG6D\HJK ODZ 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6D\HJK 1RWH
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LQYROYLQJ
UDLOVDQGWLHV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RI WKH FDSSLQJ OD\HU 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IRUDPRGXOXVRIDQG03D)RUDOO WKUHHFDVHVRIPRGXOXV WKH ORDGSODFHG LQ WKH
PLGGOHRIWKHWLHOGJLYHVDODUJHUWHQVLOHVWUHVVWKDQZKHQWKHORDGLVSODFHGEHWZHHQWZRWLHVOG%XW
WKH GLIIHUHQFH EHWZHHQ WKH WZR ORDGLQJ FDVHV UHPDLQV VPDOO 7KHUHDIWHU WR VWXG\ WKH LPSDFW RI
PRGXOXVYDULDWLRQRQO\OGLVFRQVLGHUHG
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VWUXFWXUH LV QRW ZHOO GHILQHG WKH H[SHULPHQWDO PHDVXUHPHQWV FOHDUO\ VKRZ WKDW WKH VSHHG KDV VRPH
LQIOXHQFH RQ WKH OHYHO RI GLVSODFHPHQW DERXW  PP &DOFXODWLRQV VKRZ WKDW WKH LQIOXHQFH RI WKH













DQG LQFUHDVLQJ WKH PRGXOXV VLJQLILFDQWO\ UHGXFHV WKHLU ORDG YDOXH 7KH ORDG GLVWULEXWLRQV REWDLQHG DUH
FRQVLVWHQWZLWK OLWHUDWXUH&KXSLQ	3LDX7KHPDUNLQJUHVXOW LV WKDW WKH LQFUHDVHRI WKHFDSSLQJ









)RU 9LVFR5RXWH  FDOFXODWLRQV WKH ORDG GLVWULEXWLRQV PXVW EH GHVFULEHG E\ D FRQVWDQW VWUHVV
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LQWHUVHFWLRQEHWZHHQ WKLVD[LVDQG WKHERWWRPRI WKH OD\HU$ORQJ WKHD[LV LQ WKHEDOODVWDQG LQ WKHVXE
OD\HU WKHPRGXOXVRI WKHFDSSLQJ OD\HUKDV OLWWOH LPSDFWRQ WKH WHQVLOHVWUHVVHV7KH WRSRI WKHFDSSLQJ
OD\HUZRUNV LQ FRPSUHVVLRQZKLOH WKHERWWRPZRUNV LQ WUDFWLRQ7KHPRUH WKHPRGXOXVRI WKH FDSSLQJ
OD\HULVKLJKWKHPRUHWKHVWUHVVHVDUHLPSRUWDQW/RQJLWXGLQDOV[[DQGODWHUDOV\\VWUHVVHVDUHFORVH7KH






OD\HU RI WKH *%*17 URDG VWUXFWXUH 03D %XW WKLV VWUXFWXUH LV GLPHQVLRQHG WR D PD[LPXP
WUDIILFRIPLOOLRQRI+*9DJDLQVWPLOOLRQIRUUDLOZD\7KH*%*%VWUXFWXUHLVGLPHQVLRQHGIRU
DVLPLODUWUDIILFPLOOLRQRI+*9EXWLQUDLOVWUXFWXUHWKHPD[LPXPWHQVLOHVWUHVVLQWKHFDSSLQJOD\HU
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VFRUUHVSRQG WR WKH IOH[LRQVWUHQJWKDWRQHPLOOLRQF\FOHV%XW WKH OLIHRID UDLOZD\VWUXFWXUH LV ORQJHU
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
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%\FRPSDULQJVDQGVF LW¶VQRZSRVVLEOH WRGHWHUPLQH LI D WUHDWHGPDWHULDO LVDGDSWHG WRHQVXUH WKH
GXUDELOLW\ RI D UDLOZD\ VWUXFWXUH ,W DSSHDUV WKDW LQ WKH FDVH RI $XWXQ¶V FOD\VVF PHDQLQJ WKDW LWV
FKDUDFWHULVWLFVDUHODUJHO\LQVXIILFLHQW7KHVYDOXHRI5RXHQ¶VVLOWLVJUHDWHUWKDQWRVF)RUWKHVLOW
RI/LOOHDQGWKHDUHQDRI6W%ULHX[VYDOXHVDUHWKUHHWLPHVKLJKHU7KHVHWKUHHPDWHULDOVPD\EHVXLWDEOH
IRUD UDLOZD\FDSSLQJ OD\HU%XW WKLV IDWLJXH WHVW LVGHVLJQHG IRUSDYHPHQWDQGPD\QRWEH VXLWDEOH IRU
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ERJLH7KHPHDQ VWUHVV LV QHJDWLYH UHIOHFWLQJ D WHPSRUDU\ VWDWH RI FRPSUHVVLRQ0HDQ VWUHVV LQFUHDVHV
EHFRPHVSRVLWLYHUHIOHFWLQJDVWDWHRIWUDFWLRQDQGUHDFKHVLWVPD[LPXPDWSRLQW%ZKLFKFRUUHVSRQGVWR
WKHSDVVDJHRIWKHILUVWD[OH7KHPRUHWKHPRGXOXVLVKLJKWKHPRUHWKHYDOXHVRISDQGTDUHKLJK7DEOH
7KHPHDQ VWUHVV DQG WKH GHYLDWRU WKHQ GHFUHDVH XQWLO SRLQW &ZKLFK FRLQFLGHVZLWK WKH D[LV RI WKH
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ERJLHHDFKD[OHLVPDZD\$JDLQSDQGTLQFUHDVHZLWKWKHPRGXOH7DEOH%XWIRUPRGXOXVOHVV









$UDLO VWUXFWXUHZDVPRGHOHGRQ&(6$5/&3&7KH ORDGGLVWULEXWLRQVXQGHU WKH WLHV LQ IXQFWLRQRI
ORDG SRVLWLRQV DQG PRGXOXV RI WKH FDSSLQJ OD\HU ZDV GHWHUPLQHG 7KH GLVWULEXWLRQ WKDW OHDGV WR WKH
PD[LPDO WHQVLOH VWUHVV DW WKH ERWWRP RI WKH FDSSLQJ OD\HU KDV EHHQ H[SRUWHG WR 9LVFR5RXWH  WR
HVWLPDWHWKHVWUHVVHVLQWKHFDSSLQJOD\HUDFFRUGLQJWRGLIIHUHQWPRGXOXVDQGGLIIHUHQWWKLFNQHVVHV
)ROORZLQJ WKH URDG VHFWRU DSSURDFK LW DSSHDUV WKDW DOO WUHDWHG PDWHULDOV DUH QRW VXLWDEOH IRU WKH
UHTXLUHPHQWV RI WKH UDLOZD\ HVSHFLDOO\ LQ WHUPV RI GXUDELOLW\ ,W LV WKHUHIRUH YLWDO WR GHYHORS DQ
H[SHULPHQWDO WHVWDGDSWHGIRUDOONLQGRI ILQHVRLOV WRFKDUDFWHUL]HWKHLUPHFKDQLFDOEHKDYLRULQWHUPVRI
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'DF&KL1(WXGHGXFRPSRUWHPHQWHQIDWLJXHGHVPDWpULDX[WUDLWpVDX[OLDQWVK\GUDXOLTXHVSRXUDVVLVHVGHFKDXVVpHV
%XOOHWLQGHOLDLVRQGHV/DERUDWRLUHVGHV3RQWVHW&KDXVVpHV
'DF&KL1	0XOGHUV-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&RPSRUWHPHQWHQIDWLJXHGHVVROVILQVWUDLWpVjODFKDX[HWDXFLPHQW%XOOHWLQGHOLDLVRQGHV
/DERUDWRLUHVGHV3RQWVHW&KDXVVpHV
'HOKRPHO$	5RELQHW$/
XWLOLVDWLRQGXWUDLWHPHQWGHVVROVSRXUODFRQVWUXFWLRQGHVOLJQHVQRXYHOOHV5HYXH*pQpUDOH
GHV&KHPLQVGH)HU
*QDQHQGUDQ&7	3LUDWKHHSDQ-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